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ABSTRACT 

The  reaction  of  inethallylacetone  with  dlfluorainlne  in  sulfuric  acid  gave 
2,5^5-trin:ethyl-2(<!ifluoramino)tetrahydrofuran.  Methyl  acrylate  gave  methyl 
t3-diflucrantinopropionate.  3-Methyl-2-pentanone,  n-hept aldehyde  and  2,7-octnnedione 
gave  the  expected  gem-dtf luoramines .  The  reactions  of  ethoxyacetylene^  cyclobutanonr 
and  dloyclohexylcarbodilmide  ware  carried  out,  but  the  products  have  not  yet  been 
fully  characterized. 

’5'luorination  of  aqueous  methylene-  and  ethylencdicarbariiatcs  gave  a  mixture 
of  products.  Ethyl  difluorar’inomethylcarbamate  and  ethyl-p-difluoraminoethyl- 
fluorocarhamate  respectively,  were  the  main  reaction  productc,  N,N'-Difluoro 
derjvatlves  were,  also  obtelied  in  both  cases.  Fluorination  of  aqueous  methyl- 
tncciincet.nide  and  methylenediformamide  yielded  only  trace  amounts  of  bis- 
''dlllnoraminoyn’cthane.  Fluorination  of  allyl-  and  arylurcas  and  cyanoguanidine 
pr.vt  N, N'-dlfluorouroa  as  the  main  reaction  product. 
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I.  INTKOnuCTION 

Tha  objective  of  this  program  is  to  develop  new  methods  of  preparing  high- 
energy  materials  which  are  of  interest  for  military  applications.  During  this 
period  work  was  continued  on  the  reactions  of  difluoramine  with  carbonyl  com¬ 
pounds,  olefins,  acetylenes,  and  carbon-nitrogen  unsaturated  compounds.  The 
aqueous  fluorination  reaction  was  extended  to  systems  capable  of  yielding 
gerrinal  and  vicinal  bis-diiluorrmines. 

I I .  TECIRUCAL  DISCUSSION 

A.  re-acitons  of  difluoramine 
1.  Discussion 


uiisacuraceo  Ketones 


The  reaction  of  5-hexer.e-2-one  with  difluoramine  In 
tuifuric  acid  was  previously  found  to  give  2,5-dimethyl-2-(difluoror,ino)tetra- 
n^^urofuran.''  Inis  product  must  result  from  the  initial  protcnatlon  of  the  double 
lond.  followed  by  .alkylation  of  the  carbonyl  group. 

^  CH, 

I  <■ 
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c.'u^Ciiai^riLccH, 


-II 
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CU^CriCHgCH^CCH^ 
■+'  0 


CH^-CH 
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CH.,  -  CH„ 
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CH  -  CH  C  -  CH^ 

0  NF 
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Another  example  of  a  5-kctoolefin,  methallyl  acetone,  has  also 
been  investigated.  The  purpose  of  this  experiment  was  both  to  show  the  generality 
of  this  reaction  and  to  provide  additional  structure  proof  for  the  product  fotmed 
from  5-n;e^.yl-5-nitro-2-hexanone  under  these  conditions,  by  a  novel  denitration 
-eaction.  The  products  of  these  two  reactions  were  found  to  be  identical  by 
comparing  thuir  physical  properties  and  infrared  spectra. 


NO, 
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CH  -och-c:lc:cii_ 

^  I  ^  J 
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CH  -ccmcH^rcH.. 

y  cl  y 
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I  ✓ 
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“II 
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Another  5-kctoolefin  which  was  examined  in  this  reaction  was 
?-.-c^  thyl-2-hcptaae-^-a:c,  CH^C0CH2CH2CH.-.C(CH3)2.  In  this  case  the  formation  of  a 
t3trahydrofuran  derivative  would  require  anti-^^a^kownikoff  protonaticn  of  the 
dou’olo  bund.  50  it  is  rot  surprising  that  this  reaction  was  not  observed.  A 
carbon} 1-  containing  NF2  compound  was  formed,  which  was  tentatively  identified  as 
2-mrLm.l-2.(difiuoramino)-^.-hnptanone.  The  carbonyl  group  was  probably  nou  ru- 
pl seed  because  of  an  insufficient  reaction  time. 


CH3C0CH2CH2CH=C(CH3)2 
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II.  Technical  Discussion,  A  (cent.)  Report  No.  C255-01-12 

b.  Conjugated  Olefins 

The  1,4-  addition  of  difluoramlne  to  methyl  vinyl  ketones 
und  acrylic  acid  has  been  reported,*  Several  other  examples  of  this  re.iction 
ti..vt!  bcon  investigated.  Thus  the  reaction  of  methyl  acrylate  with  dif luorairiine 
in  sulfuric  acid  proceeded  similarly,  with  the  formation  of  methyl  ^-(difluor- 
aminf>)propi onate  in  high  yield.  The  infrared  spectrum  of  this  product  is  shox-Ti 
in  Figure  1. 

CHp=CHCOOCH,  : - -  NF.C1UCH.,C00CH- 

J  c.  c.  d  y 

l.tiiyi  methacrylate  and  methyl  methacrylate,  however,  did  not  react  under  these 
concitlons  and  the  starting  ratcricls  were  recovered.  Styrene,  acrylamide,  and 
£-:ntthyl-l-buLene->yue.  underwent  decomposition  or  polymerization  and  no  NF 
tcinpcunds  were  ..solrtod.  These  reactants,  with  the  exception  of  acrylamide 
(which  wa.3  dissolved  in  the  sulfuric  acid  prior  to  the  reaction),  were  added  to 
n  refluxing  nitaure  of  difluoramlne  and  sulfuric  acid.  Decomposition  might  bo. 
prevented  by  .jdding  the  acid  last. 

c.  Acetylenes 

Ethoxy acetylene  reacts  with  hydrogen  halides  to  form  the 
unsaturati-d  Iialidci'  and  gem-dihnlideg.* 

X 

Ha  f 

HC-C-OEt  ■  ,  CH.=C-OF,t  ^  -  CH,-C-OEt 

‘■I  5  I 

X  X 

The  addition  of  difluortminc  to  ethoxy acetylene  would  be  expected  to  give  initially 
1-ftIu'xy-il difluornmino)  ethylene(l).  However,  several  subsequent  reaction  paths 
ara  possible.  A  fluorine  atom  could  migrate  from  nitrogen  to  carbon  to  form 
i-lluorimino-l-ethoxy-2-fluoroethane(n).  The  addition  of  a  second  mole  of 
difluoramlne  to  I  might  take  place  faster  than  the  rearrangement  to  give 
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l“*’ls(difluoramino)-l“Cthoxj’Gthane  (lll)^  and  this  compound  might  react  farther 
to  give  1,1,  l-tris(difliioramino)ethane  (IV). 


HC^C-OEt 


HNF2 


/ 

/ 

FClUCOEt 

‘=11 

NF  (II) 


CHg^^C-OEt 
NF, 


2 

HNF, 


\>- 


(I) 


CH^CCNFg)^ 

^IV) 


/  CH  -C(NF-)_OEt 

(EtOH)  ^  ^  ^ 

(III) 


The  reaction  of  difluoramine  with  cthoxyacetylene  was 
carried  out  in  the  absence  of  solvents  or  catalysts,  simply  by  allowing  difluor- 
arrlnc  to  reflux  ever  the  ethoxyacetylene  at  atmospheric  pressure.  A  complex 
I  ixture  of  products  was  formed,  of  x^hich  the  two  major  components  were  isolated 
i)y  gas  chromatography.  The  infrared  spectra  (Figures  2  and  5)  indicate  NF 
absorption  as  well  as  peaks  due  to  olefin  or  fluorlmine  (6.1  to  6.2  n)  and,  in 
tho  case  of  the  compound  with  the  smallest  retention  time,  possibly  carbonyl 
(i)«  Analytical  results  are  not  yet  available.  Further  work  with 
this  rer-ction  will  include  the  investigation  of  acid  catalysts. 

The  formation  of  gem-dif lucranines  by  the  addition  of 
difluoramine  in  sulfuric  fcid  to  simple  acetylenes  apparently  involves  the 
hydraticn  of  the  triple  bond.*  An  attempt  was  made  to  carry  out  the  addicion 
of  difluoramine  to  ?-hexyne  in  the  presence  of  mercuric  oxide  to  test  for  «■’ 
possible  cat.ilysi?  of  the  direct  addition  of  difluoramine.  In  this  experiment, 
the  gem- difluoramine  was  isolated,  as  well  as  some  5-hexanonc.  The  reaction  oi 
difluoramine  x-ith  J-hexync  in  fuming  sulfuric  acid  was  also  attempted,  but  only 
a  trace  of  oxidizing  product  was  isolated. 
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d.  Simple  Ketones  and  Aldehydes 

The  reaction  of  cyclobutanone  with  difluoramine  in  sulfuric 
acid  previously  resulted  in  a  fume-off*.  Another  attempt  has  now  been  made  to 
carry  out  this  reaction.  The  addition  of  cyclobutanone  to  difluoramine  and  sul¬ 
furic  acid  liberated  a  large  amount  of  heat,  but  by  very  slow  addition  of  the 
hotone,  th?  reaction  could  be  controlled.  No  material  insoluble  in  the  acid  was 
formed,  but  oi-cnching  ths  a^id  with  ice  gave  a  material  with  infrared  absorption 
In  the  ccrb'''iyl  and  NF  regions.  The  elemental  analysis  was  in  fair  agreement 

thoovctical  3“fluorlmln:'-2-butanone,  CH,CC0CK_.  The  identification  of  this 
ircctrirl  is  still  in  progress .  NF 

3“l!eLhyl-2-pentanone  was  converted  to  the  corresponding 
gcn-dtllur ranine  to  dfct<»tirine  whether  a-methyl  groups  interfere  with  the  reaction. 
The  reecti'-n  proceeded  normally. 

n-Heptaldehyde  was  treated  with  difluoramine  in  fuming 
t-ulfuric  acid  to  prepare  1, l-bis(difluoramino)heptane.  This  product  was  prepared 
as  a  stable  model  compound  for  studying  the  dehydro fluorinat ion  of  terminal  gem- 
ciifluoranines  to  pre,-are  the  trifluoroamidines.  Kovever,  because  of  reports 
that  ‘•his  roaccion  had  been  carried  out  elsewhere,  we  discontinued  this  work. 

The  reaction  of  2,7”OCtanedione  with  difluoramine  was 
r.ifo  studied.  It  was  of  interest  to  see.  whether  this  reaction  would  give  a  hetero¬ 
cyclic  dl f i”' ramino  compound,  as  was  found  for  acetonylacctone,  or  the  rnm- 
di  Juora.nine,^  h’orkup  of  the  reaction  mixture  gave  a  material  v/ith  some  carbonyl 
ehicrpLiou  xn  the  infrared.  This  peak  was  removed  by  washing  the  product  with 
I  or.ceatraLr.cI  sulfuric  acid.  The  infrared  spectrum  (Figure  b)  and  prelitrincry 
rnr’yllcr.l  data  showed  that  the  product  was  2,2,7,7"tctralLis(difluoramino)  octane. 
l!v‘  lack  of  ether  absorptiov.  before  and  after  the  purification  indicate  that 
the  cyclic  product  was  not  formed, 

*Acro jt t-Ceneral  Report  0255“C1-10,  lb  April  I96I  (Confidential). 
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CHjC0(CH2)j^00CHj 


i- 


I  I 

^  CHjC(CH2),^CCHj 
NPg  HFg 

'"j-f'o-'f-™? 

HFj  NFj 


e.  Miacellaneous 

The  reaction  of  l,5^^*tfletho37butane  with  difluoranine 
in  sulfuric  acid  gave  en  NF  compound  which  has  not  yet  been  Identified.  Although 
the  elemental  analysis  is  in  approximate  agreement  with  theoretical  for 
l-6thoxy-5;5*hle(difluoraffiino)  butane^  the  infrared  spectrum  shows  extremely 
strong  carbonyl  absorption.  Further  work  will  be  done  with  this  material. 

The  addition  of  difluoramine  to  dicyclohes^lcarbodllmide 
was  studied  as  a  possible  means  of  preparing  a  material  with  four  nitrogen  atoms 
connected  to  a  carbon.  In  the  initial  experiment,  difluoramine  was  refluxed  over 
the  carbodilmide  at  atmospheric  pressure  for  4  hrs  without  an  added  catalyst  or 
solvent.  The  Infrared  spectrum  of  the  product  indicated  mainly  starting  material, 
but  with  major  new  peaks  at  6.0  and  ll»7p>  These  would  suggest  the  formation  of 
the  monoadduct,  This  reaction  was  then  repeated,  with  the 

NF2 

addition  of  sulfuric  acid  to  the  refluxing  solution  of  the  dilmide  in  difluoramine. 
In  this  case  a  large  yield  of  a  white  oxidising  solid,  ro.p.  46°,  was  isolated. 

This  material  has  not  yet  been  Identified. 

2.  Experimental 

2, 5,5-Trimethyl-2-(difluoramlno)tetrahydrofuran 

To  a  refluxing  mixture  of  6  g  difluoramine  and  I5  ml  cone 
sulfuric  acid  was  added,  dropwise,  2.20  g  (0.02  mole)  of  methallylacetone.  The 
solution  became  slightly  yellow  during  the  addition.  After  3-I/2  hr  the  excess 
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difluoramine  was  removed  and  the  solution  was  poured  over  I50  ml  of  ice.  The 
product  was  extracted  with  three  50-ml  portions  of  methylene  chloride,  washed 
with  50  rol  of  water  and  dried  over  sodium  sulfate.  The  solution  was  filtered 
rr.d  the  solvent  distilled  off.  The  remaining  liquid  was  distilled  to  give  0.66  3 
ci, 5; 5-tri:nethyl-?.-(difluoremiiio)tetrahydrofuran,  identical  to  the  product  prepared 
from  5"iT5thyl-f-n<  trc-2-hexanone.* 

b.  Reaction  of  2-Methyl-2-heptene-6-one  with  Difluoranlne 

Dif luoramlne  (6  r)  was  refluxed  into  20  ml  of  concentrated 
•uiifuric  acid.  2-Mothyl-2-heptene~6-onc  (2.52  g>  C.02  mole  V7as  added  dropwlse. 
.vfter  4  hrs,  the  excesa  difluornminc  was  removed  and  the  solution  was  poured  over 
:iil  of  ice  and  the  product  extracted  with  I50  ml  cf  methylene  chloride.  The 
r.cthylfcne  chloride  solution  was  washed  jith  50  ml  of  water,  dried  over  sodium 
:ulfrte,  and  the  solvent  distilled  off.  Distillation  of  the  residue  gave  0.4  g 
2-n;ethyl-5-(dtf  luoraraino)"C-heptanone. 

Anal,  calc'd  for  CgH^^ONF^:  C,  55*5;  H,  8.4  ;  N,  7.8 

Found:  C,  50.0;  H,  7*48;  N,  J,£0 

c.  Methyl  p-Difluorarninopropionatc 

Methyl  acrylate  (2.^2  g,  0.0^4  mole)  V7ns  added  to  a  re- 
iluxinp  mixture  of  &  g  of  difluoranlne  and  17  ml  of  concentrated  sulfuric  acid. 

;  pule  ycllov/.  ncir.ngeneous  solution  formed.  The  excess  difluoramine  was  removed 
after  5-1/2  hr  and  the  solution  was  poured  over  I50  ml  of  crushed  ice,  A  heavy 
Idvv-r  stparated  and  was  extracted  with  four  50-ml  portions  of  methylnne  chloride, 
'jha  solucicn  va.'  washed  with  50  ml  of  water  and  dried  over  sodium  sulfate.  The 
telvent;  was  removed  by  distillation.  Distillation  of  the  residue  gave  5.5  g 
mole,  75.5^  yield)  of  methyl  p-dif luoraninopropionnte,  b.p.  47°C/’?0  m;ii, 

Hj,-"  1.5795. 


^Aaroje t-Otneral  Report  C255-01-11,  14  July  I96I  as  correcced  in  Errata 
7  August  1961,  Figure  4. 
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Anal.  Calc'd  for  C^H^O^NF^:  C,  34.53;  H,  5.04;  N,  10.07 

Found;  c,  34.25;  H,  5.22;  N,  10.2 

d.  Reaction  of  Difluoramine  with  Ethoxyacetylcnc 

rtfluoramine  (5  g)  was  allowed  to  reflux  over  1.4  g 
(0.02  n.cle:  of  ethoxyacetylene  for  4-1/2  hr.  Th-  excess  difluoramine  was  removed. 
•u:d  the  product  was  vacuum- transferred  at  0.1  imn  to  a  -80°  trap.  Fractions  of 
the  iwo  major  components  were  trapped  by  gas  chromatography  and  the  infrared 
. Tdctre  were  ootained.  Elemental  analyses  have  not  yet  been  obtained. 

e.  3-Nethyi-2,2-bls (difluoramine)  pentane 

nifluor.Tffiine  (8  g)  was  refluxed  over  I5  ml  cone  sulfuric 
I'.cfc,  and  2.5  g  (0.025  iroic)  3-n!Cthyl-2-pentanone  was  added  dropv/ise.  During 
the  ;-hr  reflux  period  a  colorless  layer  separated  from  the  solution.  The  excess 
ditluoi-rmire  nas  removed,  and  the  product  was  vacuum- transferred  into  a  -SO^C 
trap  at  1  rr.ni  to  yield  I.39  g  of  colorless  liquid.  Distillation  gave  n.43  g 
;-rcthyl-2^2-g^(difluoramino)pentane,  b.p.  59^0/27  tim. 

Aa.-,!.  calc'd  for  C,  38.2;  H,  6.1,;  K,  14.9,  p,  40.4 

Found:  C,  3t^.0;  H,  7.0;  M,  14.1;  F,  58.4 

f .  ^^2,7,7"tetraki5(Difluoramino)octane 

A  solution  of  2.13  S  (0.015  mole)  of  2,7-cccanedione  in 
i?  ml  of  cone  f.u]fjric  acid  was  prepared  at  QOc.  Difluoramine  (7  g)  was 
:en( rated  and  aliewed  to  reflux  over  this  solution  for  4-1/2  hr.  The  excess 

.as  then  swept  out  and  the  acid  was  poured  over  I50  ml  of  crushed  ice. 
Ihe  r redact  was  extracted  with  three  50-n.l  portions  of  methylene  chloride.  The 
wethyUne  chloride  solution  was  then  washed  with  50  ml  of  water,  dried  over 
Lodlun  sulfate  and  concentrated  by  distillation.  Vacuum  distillution  of  the 
residue  gave  I.5  g  of  colorless  liquid,  b.p.  7I  to  720/0.1  mm,  which  shewed 
carbcnyl  absorption  in  the  infrared  spectrum.  This  material  e^as  stirred  with 
h  ml  of  cone  sulfuric  acid  and  extracted  with  6  ml  of  methylene  chloride.  The 
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solution  was  washed  with  two  5“ral  portions  of  water  and  dried  over  sodium  sulfate, 
and  the  solvent  was  removed.  The  residue  was  0.55  g  of  white  solid,  m.p.  60°. 

Anal,  calc'd  for  CgH^j^Nj^Fg:  C,  50.2;  H,  4.1|0;  M,  17*6;  F,  47.5 

Found;  C,  29-5;  H,  5*99;  N,  16.5;  F,  44.8 

When  the  acid  layer  from  the  purification  was  poured 
over  ice,  no  precipitate  was  formed, 

g.  Reaction  of  Cyclobutanonc  with  Difluoramine 

To  a  refluxing  mixture  of  50  ml  of  sulfuric  acid  and  6g 
of  difluornmine,  1.4  g  (0.02  mole)  of  cyclobutanone  was  added  dropwise.  A  high 
reaction  exotherm  requi'^ec!  very  slow  addition  of  the  cyclobutanone.  After  4  hr, 
the  homogeneous  solution  was  poured  over  150  ml  of  ire.  The  product  was  extracted 
vich  three  50-ml  portions  of  methylene  chloride.  The  combined  methylene  chloride 
solution  wrs  then  washed  with  50  ml  of  water  and  dried  over  sodium  sulfate,  and 
Lho  solvent  ;f.s  distilled  off  through  a  6-in.  packed  column.  Distillation  of  the 
it-sidufc  gave  C  .4  g  cf  a  colorless  31quid,  b.p.  41°/0.1  mm. 

Anal,  found?  C,  44.2;  H,  5*42;  N,  12.6,  F,  17t6. 

h.  Reaction  of  1, 5, 5-Triethoxybutane  with  Difluorarainu 

1^ J,5-lriethoxybutane  (20  g,  0.0105  mole)  was  added 
dropwise  to  a  refluxing  mixture  of  7  g  of  difluoraminr,  and  18  ml  of  cone  sulfuric 
acid.  After  L  hrs  the  mixture  was  poured  ever  150  ml  of  crushed  ice.  The  product 
VMS  extracted  with  three  SC -ml  portions  of  methylene  chloride  and  the  organic 
volution  was  washed  with  50  ml  of  water  and  dried  over  sodium  sulfate.  The 
rntthylene  chloride  was  distilled  through  a  6  in.  packed  column  and  the  residue  v.ms 
•distilled  to  yield  C.8  g'of  colorless  liquid,  b.p.  570/4mm.  The,  inCrared  spec  L rum 
shov^ed  a  strong  peak  at  5»8  3S  well  as  peaks  at  7*0,  7*5^  8.6,  10.2,  11, T 
.'ind  12.2  |j. 

Anal,  found:  C,  50.4;  H,  4.65;  N,  14.5;  F,  40.6. 
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3.  AQUrOUS  FLUORINATION  (V.  Grakauskas) 

1 .  Dlacussion 

a.  Fluorination  of  Dicarbamates 

It  has  been  shown  that  simple  carbamates  undergo  direct 
f iiiorirai'ion  to  give  the  corresponding  NF  derivatives.*  This  V7ork  has  been 
extended  tu  gcminal  and  vicinal  dicarbamates  witl;  the  objective  of  synthesizing 
t'^a  correspond ’.ng  bis(dif lucramino )  derivatives. 

An  aqueous  suspension  of  diethyl  methylene.dicarbamate 
w..f.  fluorimtcd  until  three  moles  of  fluorine  per  mole  of  the  dicarbaraate  were 
Lonsu’ie'^.  \  trace  of  bis(difluoramino)methana  was  found  in  the  cooling  trap. 

A  liquid  product  possessing  strong  oxidizing  properties 
wci  ioolated  on  extraction  of  the  aqueous  reaction  mixture.  Fractional 
uihciLlntlon  of  this  extract  yielded  a  high-boiling  compound.  The  high-boiling 
liquid  (3^^  yield)  vas  identified  as  diethyl  N;N'-difluoromethylenedicarbamate, 
Ciij^fMFCOOCjH^)^;  on  the  basis  of  its  infrared  spectrum  (Figure  5)  and  elemental 
analysis.  A  weak  infrared  peak  at  2.9  p  raay  bo  due  to  a  contaminant  such  as 
diethyl  fluoremethyldicarbamate.  Gas  chromatographic  purification  could  not  be 
ustd  because  of  the  high  boiling  point  of  the  material.  A  preliminary  proton 
Vlil'.  spectrum  (nuclear  magnetic  resonance)  agreed  well  with  the  proposed  structure. 

The  major  component  of  the  lower-boiling  fmefion  was 
tevere.ted  by  r.is  chromatography  and,  on  the  basis  of  infrared  spectrum  (Figure  6) 
and  elomontnl  ar.alysic,  the  compound  was  tentatively  identified  as  ethyl 
diriuoramiuomechylcarbamate,  NFgCHgNHCOOCgH^ .  The  analytical  results  v/ould  also 
agree  with  th--  isomeric  structure,  NHFCHgNFCOOCgll^ .  NMR  spectroscopy  will  bn  used 
to  dilferentiate  between  these  structures. 


*Atrojet-Gereral  Report  2099  (Annual  Summary),  November  19^1/  P.  26  Coi>f Ldeniial ) . 
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Another  component  (5  to  10*)  of  the  loM-bolllng  mixture 
~es  eepereted  by  g.s  ohrometogrephy,  and  on  the  besi.  of  ita  Infrared  spectrum 
and  eUmentel  analysis  the  material  was  tentatively  identified  as  ethyl 
l.-d-  f lvoram.t„o,m,thyl.»-f luorocarbamate,  HP  CH  NFCOOC  H  .  The  elemental  analysis 

no  comp  etely  satisfactory,  and  additLal  worh^s^  in  progress  to  securl 
a  -acple  of  higher  purity. 

K  .  a  fluorination  of  aqueous  diethyl  methylenedicarbamate 

••  j  be  tentatively  formulated  as  follows: 


CH2(NHC00C2H^)^  ^  Fg 


H2O 


^  CH2(NF2)2  +  NFgCHgNFCOOCgHj.  +  NTgCH^NUCOCC^Il^ 
+  CH2(NFCOOC2H^)2 


„  ,  ,  X'nthyl  ethylenedicarbamate  was 

r  uc  out  under  similar  reaction  conditions  to  those  used  for  the  fluorinction 
the  met  ylene  analogue.  The  fluorination  was  again  arbitrarily  interrupted 
ut  .t  to  1  molar  ratio  of  fluorine  to  substrate.  Traces  of  l,p-b,s(difluor- 

am, no. ethane  wore  obtained,  a  higl-boiling  component  present  in  the  mixture  of 

products  extracted  from  the  aqueous  fluorination 

.u-  Uuorination  mixture  was  separated  by  frnction.nl 

^  This  oompound,  isolated  in  4^  yield,  wes  identified  as  diethyl 

...h  -utfluorootuylcnedicarbamate..  (CH^NPcOOC^H  )  on  the  basis  ol  it.  infrared 

'P.cfum  tfiguro  7)  and  olc^atnl  anaiyais.  ^„^sp\te  an  acceptehic  elemental 

the  presence  of  n  weak  ab.sorption  of  (2  Q  in  ^  i: 

the  com,  aund  cuggests  that  the  cerpound  wes  somewhat  Impure. 

''  lawer-boilieg  freotfon  contained  several  cempononts, 

..  .ncm  only  in  tr.acc  .-.woents.  The  major  oompoaent  of  this  mixturo  wos 
a  p«-..t..0  by  gas  chtomatogt.phy  and,  on  the  basis  of  Us  Infrared  spectrum 
.Figere  b)  and  elementnl  .analysis,  the  compound  wos  identified  as 

ethyl  p-dlfluoraminoethylfluorocarbanate,  HFjCH^CH^COOC^H  The  yield  of  ihi. 

ma.erial  was  aoout  30<.  The  fluorination  of  agueoua  diethyl  ethyleucdic„rb„„aio 
It  ropre.sGnted  by  the  following  equation; 

'C.^NPCOOC^Iip,  t  1  (CH^NFCOOC  H  )  .  hT  CH,ai,I,TCCCC,Ib, 

s'  ^  c  L.  c.  25 
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It  is  interesting  that  while  NF2CH2NHC00C2H^  was  the  main 
reaction  product  in  the  fluorination  of  diethyl  methylenedlcarbamate,  the  fluorln- 
ction  of  the  ethylene  analogue  gave  mainly  NFgCHgCHgNFCXWCgH^.  In  the  case  of 
h'FoCllglJIiCOOCpH^,  the  difluoraraino  group  apparently  deactivates  the  NH  toward 
further  f iucrination.  The  difluoramino  group  in  NFgCHgCHgNHCOOCgH^,  on  the  other 
hand,  being  one  carbon  further  removed  from  the  NH,  has  less  effect  on  the 
activity  of  the  NH. 

b.  Fluorination  of  Hethylenedianides 

It  has  been  shown  that  the  fluorination  of  N-methylamides 
gives  methyldif luoramine  in  hieh  yields.*  Geminsl  diamides  are  readily  available 
and  th^j  fluorination  was  e>;tended  to  these  compounds  with  the  objective  of 
tjnthesizing  the  corresponding  gem-dif luoratnino  derivates: 

RR’C{NHC0R")2  +  RR'C(NF2)2  +  R"C00H 

Methylenediacetomide  was  fluorinated  in  aqueous  solution 
until  from  4  to  5  moles  of  fluorine  per  mole  of  diamide  were  consumed.  Only 
c  snail  amount  of  impure  bis  (difluoramino )methane  was  isolated  in  the  cooling  trap. 

Workers  at  Rohm  &  Haas  Co.  have  reported  obtaining 
hi  5 (difluoramino )niethane  from  the  fluorination  of  aqueous  methylen(»difo^ma^:ide,^^» 
Ve  have  attempted  this  reaction  using  reaction  conditions  similar  to  those  used 
for  the.  fluorination  of  the  diacetamide  derivative.  As  was  the  case  with  the 
letter,  only  very  small  a-mounts  of  bis  (difluoramino  )mathane  were  isolated.  No 
etucy  cf  reaction  conditions  with  a  view  to  improving  the  yield  of  CH2(KF.,'2 
ha.?  ytt  been  made, 

c,  Fluorination  of  Allyl-  and  Arylureas 

Fluorination  of  arylureas  hns  been  derived  previous ly.'if^^ 
N,N-DifluorourGa  has  been  identified  as  one  product  of  these  reactions.  A  volatile 


^Aerojet-General  Report  2C59,  p.  21. 

Private  commv.nicatior.  from  Dr.  J.  P,  Freeman,  Rohm  &  Haas  Co.,  to 
Dr.  N.  W.  Thomas,  Aerojet-General  Ccrporacior., 

Aero  jet -General  Report  2099  (Annual  Surunary),  November  I96I,  p.  I9. 
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liquid,  b.p.  2k°C,  was  also  Isolated,  which  has  new  been  identified  as  Freon-11 
(FCClj).  This  material  was  a  propellant  for  the  Aerosol  antifoam  agent  used  to 
prevent  the  foaming  of  the  aqueous  solution  during  fluorination. 

The  fluorination  of  aqueous  allylurea  also  resulted  in 
cleavage  of  the  C-N  bond,  with  the  formation  of  N,N-difluorourea; 

(HpO) 

CHg  =  CHCllgNHCONHg  +  Fg - ^  NFgCONHg  +  ? 

Small  amounts  of  solid  and  liquid  products  ^with  strong  oxidizers)  were  also 
produced,  but  these  materials  have  not  been  identified. 

d.  Fluorination  of  Cyanogunnldine 

One  experiment  has  been  carried  out  in  winch  aqueous 
cyanoguanidine  was  fluorinated.  Fluorine  was  readily  consumed  and  a  large  amount 
cf  a  brown,  water-insoluble  solid  was  produced.  This  material  possesses  no 
oxidizing  properties  and  has  not  been  identified.  A  small  amount  of  N,N-diflu- 
erturea  was  isolated  from  the  aqueous  solution. 


2.  Experiino.ntal 

a,  Fluorination  cf  Diethyl  Mc-.thylenedicarbamate 


A  solution  (partial  suspension)  of  58  g  diethyl  methyl- 
r nodicarbamate  (0.2  mole)  in  65O  ml  water  was  fluorinated  at  10  to  15°C  with 
E  l-to~li  mixture,  of  fluorine  and  nitrogen  until  approximately  15  liters  of 
fluorine  gas  was  passed  into  the  reaction  mixture.  The  reactor  was  connected  in 
bevies  with  -80  and  -110°C  traps  to  condense  volatile  reaction  products.  At 
fht  end  of  the  run  each  cooling  trap  contcined  0.5  ml  of  colorless  liquid.  T.10 
material  exploded  when  an  attempt  was  made  to  obtain  a  gas  sample  for  Infrared 
analysis.  In  another  similar  experiment,  however,  a  gas  sample  was  securoc 
without  explosion  and  the.  material  was  identified  on  the  basis  of  its  inlrp.re.d 
spectrum  as  bis (dif lucramlno)methane  contaminated  with  carbon  dioxide  ind  nitrogen 


oxides . 


The  aqueous  fluorination  mixture,  containing  from  5 
ml  of  a  heavy  colorless  liquid,  was  extracted  with  seven  75-ml  portion.^,  of  methylene 
chloride.  The  combined  extracts  v^ere  dried  and  filtered  and  the  filtrate  was 
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concentrated  to  75  ral*  The  methylene  chloride  solution  was  stirred  with  solid 
sodium  bicarbonate  for  3  filtered;  the  filtrate  was  concentrated  to 

remove  the  solvent.  The  residue,  16.0  g  of  a  pale  yellow  liquid,  was  fractionated, 
but  on  the  basis  of  gradually  increasing  boiling  point  (25  to  50°C/0.1  min)  and 
refractive  index  of  the  distillate,  it  was  found  that  the  lower-boiling  mixture, 

15  Sf  could  not  be  separated  on  distillation.  The  end  fraction  of  the  mixture, 

1.5  Sf  b.p.  85  to  87°C/0.1  to  0.5  nm,  N^^  1.4252,  was  identified  on  the  basis  of 
its  infrared  spectrum  and  elemental  analyses  as  diethyl  N,N'-difluorcmetIiylane- 
dicarbamate,  CH2(NFC00C2H^)2: 

Anal,  calc'd  for  57;17;  H,  5*55;  N,  12.4;  F,  1.6.8 

Found;  C,  56.3  ;  H,  5*555  N,  12.5;  F,  I6.5 

The  low-boiling  material  (I5  g)  was  submitted  for  gas 
chromatographic  analysis.  The  mixture  was  found  to  contain  many  components,  most 
of  them  present  only  in  traces.  The  main  component  of  the  mixture  was  found  to 
be  urcsent  ^n  80  to  90  concentration.  A  sample  of  this  material  was  scparat»'d 
■jii  a  semipreparativc  gas  chromatographic  column  for  infrared  and  elemental 
.'.nalyscs  (sec  paragraph  c,  below).  The.  infrared  spectrum  showed  the  presence  of  a 
:trcng  N-H  absorption  peak.  On  the  basis  of  infrared  and  elemental  analysis,  the 
•c:.;/]  diflt'ornmiTicmcthylcarb-anate  structure,  NF2CH2NHCOOC2H-,  bes  been  assigned  to 
'.he  compound.  However,  ns  noted  in  the  discussion,  the  isoneric  structure, 

UllFCUj’.FCCCC^Uy  cannot  bo  excluded.  The  yield  was  pOfj  based  on  the  chromaco- 

grarh  peak  arras. 

Anal,  cnlc'd  for  Cj,H^F2”2°2'  H,  5*25;  N,  I8.I8;  F,  24.66 

Found:  C,  5I.5  ;  H,  5.40;  N,  18. 1  ;  F.,  24.1 

Another  constituent  of  this  mixture  was  also  isolated, 

A  sample  of  this  material,  apparently  not  pure,  was  cnrlyrcJ,  but  tho  elemental 
analysis  is  somewhat  off  from  that  calculated  for  NF2C;i2NrC00C^H^. 

Anal,  calc'd  ftr  C^H,F^K202:  C,  27-9;  H,  4.10;  N,  16.5;  F,  55.1 

Found;  C,  29.5;  H,  4.6  ;  N,  I5.6;  F,  2c. 6 

Tho  material  showed  practically  no  N-H  absorption  in  the  infrared  spectrum. 
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b.  Fluorination  of  Diethyl  Ethylenedicarbamate 

A  partial  solution  of  40.5  g  diethyl  ethylenedicarbamate 
(0.2  rjolfe)  in  650  ml  water  was  fluorlnated  at  15  to  20°C  with  elementary  fluorine 
diluted  with  nitrogen  (1:4)  until  I6  liters  of  fluorine  gas  were  passed  into  the 
reaction  mixture.  The  reactor  was  converted  in  series  with  -80  and  -110°C  traps 
to  condense  volatile  reaction  products.  At  the  end  of  the  run,  each  trap  contained 
0.2  ml  of  a  colorless  liquid.  These  materials  were  combined,  and  a  sample  was 
submitted  for  infrared  analysis.  The  infrared  spectrum  showed  the  presence  of 
highly  contaminated  1,2-bis (difluoramino)  ethane. 

The  aqueous  fluorination  mixture  containing  from  5  to  7  n>l 
of  a  heavy  water-insoluble  oil  was  extracted  with  ten  portions  of  methylene 

chloride.  Th«?.  combined  extracts  were  dried  and  filtered  and  the  clear  filtrate 
v’f  s  concentra-ed  to  100  ml.  The  solution  was  deacldlfled  by  treating  it  with 
5  g  of  solid  Rudium  bicarbonate.  The  filtered  solution  was  concentrated  to  remove 
the  residual  solvent.  The  residue  vas  purified  by  distillation  and  gave  14  g 
of  a  colorless  liquid,  b.p.  20  to  35®C/0.1  to  0.5  mm.  The  distl Jation  residue, 
tv  9  g  of  viscous  dark  liquid  possessing  only  weak  oxidiring  properties,  was 
pot  investigated  in  this  experiment. 

The  distillate  was  redistilled.  After  the  removal  of  12  g 
<.  f  liquid,  b.p.  20  to  65°C/0.1  mm,  there  were  collected  2  g  of  colorless  liquid, 
b.p.  Jo  to  73”C/0.1  ram,  1.4245.  This  material  vac  redistilled,  b.p.  Jd  to 

"V'^C/C.l  to  0.5  PTit,  1,4258.  On  the  basis  of  the  infrared  spectrum  and 

^lelQt•nt.^ry  analysis,  the  compound  was  identified  as  diethyl  N,N' -dif luoroethylene- 

dicarbimiatc,  CH^.NFCOOC^H,,)  . 

2  2 

Aral,  calc'd  for  CqH, j^F^NgOj^;  C,  40.0;  H,  5-87;  II,  11.66:  F,  I5.C2 

Found:  C,  59-8;  H,  5."8;  N,  li.80;  F,  I5.4 

The  mixture  of  lower-boiling  products  (12  g)  could  not  be 
purified  by  distillr tion.  The  material  was  submitted  for  gas  chromafographic 
ail'’ lysis.  Tt  was  found  that  the  mixture  contained  many  components,  most  of  then 
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present  only  in  traces.  One  confound,  85  to  90/^  of  the  total,  was  predominant 
in  the  mixture.  A  sample  of  this  material  was  separated  for  infrared  and  elemental 
analyses  on  a  semipreparative  column.  On  the  basis  of  elemental  analyses  and  the 
infrared  spectrum  (no  N-H  absorption  peak),  the  compound  was  identified  as  ethyl 
difluoraminomfethylfluorocarbamate,  NFgCHgCHgNFCOOCgH^,  yield  30^. 

Anal,  calc'd  for  C^H^F^NgO^:  C,  52.26;  H,  4.8?;  N,  15.05;  F,  50.62 

Found:  C,  52.5  ;  H,  4.82;  N,  14.8  ;  F,  50.8 

c.  Analysts  of  Products  from  the  Fltibrination  of  Diethyl 

Methylenedicarbamate  (l)  and  Diethyl  Ethylenedicarbamate 
(ll)  fR.  M.  Roberts) 

Distilled  Isolates  talcen  from  these  two  fluorinated  reaction 
mixtures  were  examined  by  gas  chromatography  under  essentially  identical  conditions. 
A  5/'-'  6-xn.  column  of  3/9  LAC  (ethylene  glycol-succinate  polyester)  on  Chromosorb 

was  operated  at  900C  at  a  helium  flow  rate  of  200  ml/min.  Ten  constituents  were 
detected  in  mixture  I  and  seven  in  mixture  II.  From  the  richer  distillation  cuts. 

tc  9C^  of  the  material  was  eluted  as  pure  component  from  I  after  9-1/2  min, 
while  a  90-to-955^  yield  was  obtained  from  II  as  a  lower-boiling  eluate  in  about 
minutes.  These  chromatographically  pure  isolates  were  liquids  at  room  temperature 
and  could  be  collected  directly  into  tared  capillary  tubes  without  resorting  to 
chilling,  vraen  50-^1  portions  of  the  mixtures  were  run,  only  two  or  three  in¬ 
jections  were  needed  to  provide  ample  center  cuts  for  elemental  and  infrared 
analysis . 

The  capillary  tubes,  initially  sealed  on  one  end,  then 
left  ccmplettly  open  in  most  of  the  component  work,  were  immediately  taken  for 
araiyais.  Pregl  microcombustion  C-H  analysis  was  performed  according  to  the 
method  described  by  Strahra.*  A  notable  modification  introduced  in  the  Strahm 


■^R.  D.  Scrahm,  in  Bulletin  of  l6th  Meeting.  JANAF  Panel  on  Analytical  Chemistry 
of  Solid  Propellants.  October  4-6.  lQ6n,  pp  kq-7 
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method  was  the  inclusion  of  a  15-nm  section  of  MgO  between  the  Ag  and  the  second 
COgO^  section.  This  greatly  extends  the  life  of  the  combustion  tube  by  eliminat¬ 
ing  HF  attack  on  the  quartz  walls.  This  addition  was  largely  made  at  the  expense 
cf  the  first  CuO  bed,  which  was  shortened  to  about  50  mm.  This  did  not  constitute 
a  compromise,  however,  since  the  capillary  tube  was  placed  in  a  ceramic  boat  and 
buried  in  CuO  to  minimize  chances  of  detonation.  At  Strahm's  verbal  suggestion, 
the  ratio  of  CuO:Cr20j  in  the  mixed  bed  was  also  changed  from  2:1  to  10:1. 

Nitrogen  was  determined  by  the  micro  Dumas  method  outlined  in  the  same,  reference, 
but  without  modification. 

Fluorine  analysis  was  performed  by  the  ICnallgasflamme  or 
i'Jic!<bold  technique,  in  which  the  volatilized  sample  undergoes  combustion  in  a 
hydrogen-oxygen  flame  contained  in  an  all-quartz  system.*  A  new  thorium  titration, 
involving  the  mixed  indicator  alizarin-methylene  blue  was  investigated  and  found 
to  yield  superior  reproducibility  to  that  of  the  standard  methods,** 

d.  Fluorination  of  Methyleneformaroide 

A  solution  of  10,2  g  methylenedifonnamide  in  550  ml 
w;,ter  was  fluorinated  at  0  to  5°C  as  described  above.  Fluorination  was  continued 
until  12  Uters  of  fluorine  had  passed  into  the  reaction  mixture.  Fluorination 
wi.®  quite  {jluggish  and  considerable  amounts  of  unreacted  fluorine  escaped  from 
the  reactor.  At  the  end  of  the  run,  the  -80  and  -110°C  traps  each  contained 
■'.1  mi  of  a  volatile  liquid.  This  material  was  identified  by  its  infrared 
<51  fcctrum  as  bls(dif luornmino)methanc  contaminated  with  carbon  dioxide  and  other 
unkiitt.n  irarurltics, 

e.  Fluorination  of  Allylurea 

A  solution  of  25  g  allylurea  (0.25  mole)  in  lOOC  ml  water 
vus  flr^rinated  at  0  to  5®C  with  elementary  fluorine  (diluted  with  nitrogen,  l.-h) 
ui.til  21  liters  of  fluorine  gas  were  passed  into  the  reaction  mixture.  At  the 


R.  Le\’>’,  in  Proceedings  of  the  International  Symposium  on  Microciicmistry, 
195^:.  Pergamon  Press,  196C'.  p.  112. 

Hi  Soep,  l^dcdeel  ylaam _Che_m.,Ver  21 .  kS  (1959)  (CA  5r,  h255,  196*^; 
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end  of  the  run  the  pale-yellow  reaction  mixture  contained  small  amounts  of  suspended 
solid.  The  -80°C  trap  converted  In  series  with  reaction  flask  contained  0.2  ml 
of  a  colorless  liquid. 

The  aqueous  mixture  was  extracted  with  seven  30-ml  portions 
of  diethyl  ether.  The  solid  dissolved  slowly.  The  ether  solution  was  dried, 
filtered  and  concentrated  to  remove  the  solvent.  The  viscous  residue  was  distilled 
to  give  from  1  to  2  g  of  colorless  liquid,  b.p.  40^0/0.1  to  0.3  iiin(partlal  sub¬ 
limation),  which  solidified  to  a  white  solid.  This  material  was  Identified  as 
N,N-dlfluorourea  by  comparing  Its  Infrared  spectrum  with  that  of  an  authentic 
sample. 

The  distillation  residue,  from  1  to  2  g  of  a  viscous 
brown  oil,  solidified  on  v7sshing  with  methylene  chloride.  This  material  was 
not  identified. 

f.  Fluorlnatlon  of  Cyanoguanidine 

A  solution  of  k2  g  cyanoguanidine  (0.^  moles)  in  630  ml 
wc'.er  was  fluorlnatcd  at  1C  to  13‘^C  with  elementary  fluorine  (diluted  with  nitrogen 
l.’H)  until  22  liters  of  fluorine  gas  had  passed  into  the  reaction  mixture.  A 
liquid  (0.2  nl)  v;hlch  accumulated  In  the  -IIC^C  trap  was  lost  In  manipulation. 

The  aqueous  reaction  mixture,  containing  large  amounts  of 
i.  brown  solid,  was  filtered,  and  the  solid  material  washed  first  with  water,  then 
with  ethanol  and  ether.  The  solid,  b.p.>  300°C  (no  oxidizing  properties),  amounted 
to  8  grams. 

The  aqueous  filtrate  was  extracted  with  seven  70-ml  portions 
of  diethyl  ether,  and  the  combined  extracts  were  dried,  filtered  and  concentrated. 
The  seml-solld  residue  was  purified  by  distillation  at  30°C  and  0.1  mm  pressure 
to  give  1  g  of  white  crystalline  solid,  which  was  Identified  by  its  Infrared 
spectrum  as  N,N-dlfluorourea. 
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Figure  2.  Product  from  Ethoxyacetylene 
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Figure  U.  2,2,7»7“tetrakis( Difluoramino)oct«ne 
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Figure  8.  Ethyl  p-Dif luoraminoethyl f luorocarbamate 
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